Site-directed mutagenesis of human ferrochelatase: identification of histidine-263 as a binding site for metal ions.
In nature, ferrochelatase catalyzes the insertion of ferrous ion into the porphyrin macrocycle of protoporphyrin IX to exclude two protons to form protoheme IX: other porphyrin substrates, including mesoporphyrin IX may be used in vitro. Based on the deduced amino-acid sequences, one histidine residue (H263 of human enzyme) is conserved among all ferrochelatases cloned from human to bacterial cells, and three histidine residues (H157, H341 and H388 of human enzyme) are conserved among eukaryotic ferrochelatases; no cysteine residue is conserved. To attempt to clarify the binding site of ferrous ion, we converted four highly conserved histidine residues in human ferrochelatase to alanine, using site-directed mutagenesis. The mutant enzymes were expressed in Escherichia coli, and iron- and zinc-chelating activities were examined. Mutants H157A and H388A lost most of their activities and concomitantly the enzyme became susceptible to proteolytic degradation. Kinetic studies with the residual activities showed no significant change of Km values for metal ions or for mesoporphyrin IX. Mutation at H341 did not alter the enzyme activities. Iron- and zinc-chelating activities of mutant H263A were reduced to 30% and 21% of the activities of the wild type, respectively. Moreover, this mutation resulted in 18- and 3.4-fold increases in Km values toward ferrous and zinc ions, respectively, while the Km value for mesoporphyrin remained unchanged. These results indicate that the binding site for metal ions in ferrochelatase is distinct from that for the porphyrin, and suggest that histidine-263 contributes significantly to the binding of metal ions. Maintenance of the structure of the protein molecule may involve functions related to histidine-157 and -388.